The first use of a green method of analysis using diatom for trace determination of mebeverine in its pharmaceutical formulation and human serum based on its great properties such as high surface area, hydrophilicity, and adsorption. in addition to diatom requires no chemical modification. Characterization of Diatom using FTIR showed bands corresponding to AlMgOH, Si-O-Al, SiOH, and OH, while XRD showed that diatom is amorphous containing silica of quartz crystal shape, SEM revealed that diatom has porous surface. Cyclic Voltammetry of the modified electrode revealed that the modified electrode has higher surface area and greater adsorption. Mebeverine hydrochloride (MV.HCl) was determined based on 5% diatom modified carbon paste electrode 5% (w/w)DA/CPE as a sensor with LOD and LOQ of 1.80×10 −9 and 6.00×10 −9 respectively. Then, the modified electrode was successfully applied for the trace determination of MV.HCl in different pharmaceutical preparations; "Coloverin A", "Colona" and "Colofac" tablets without interferences from excipients and co-formulated drugs. The achieved detection limit in human serum was 8.0×10
Introduction
Mebeverine hydrochloride (MV.HCl) has the IUPAC name 3,4-dimethoxybenzoic acid 4-[ethyl-(2-[4-methoxyphenyl] -1-methylethyl) -amino] butyl ester ( Fig. 1 ) potent direct antispasmodic agent used mainly for the smooth muscles of the gastrointestinal tract and particularly effective against the colonic spasm [1] It is used in the treatment of abdominal pain and spasm associated with gastrointestinal disorders such as mucous colitis [2] Due to the vital importance of MV.HCl, there are many reported methods for its determination in its pharmaceutical formulations and in biological fluids. Among these methods are HPLC [3] [4] [5] [6] [7] , spectrophotometry [8] [9] [10] [11] , GC-MS [12] , and electrochemistry [13] [14] [15] [16] . On one side, most of the reported chromatographic is expensive method of analysis required a high maintenance cost, high acquisition cost, time-consuming procedures, senetive equilibration, it also may requires derivatization treatment prior to analysis and expensive grades of reagents, eluents, and equipment [3-7, 12], On other side, there are some reported electrochemical methods based on potentiometry [13] , square-wave anodic stripping voltammetry (SW-ASV) [14, 16] and differential pulse voltammetry (DPV) [15] listed in (Table 1) . It is noticed that Potentiometry and SW-AdASV onto bare Carbon paste electrode CPE did not offer a sufficient sensitive quantitation limit of MV.HCl that can cover pharmacokinetic studies and therapeutic drug monitoring. Duo to the MV.HCl conc in plasma was reported to be less than 10 ng. mL -1 (< 2.15×10 -8 M) after a single oral dose of 405 mg of mebeverine hydrochloride [6] or in the range of 25 to 0.73 ng mL -1 (5.36×10 -8 M to 1.57×10 -9 M) after oral administration of two Colona ® tablets (100 mg Mebeverine + 25 mg Sulpiride) [7] . The other SW-AdASV using gold nanoparticles/silica gel [15] indicated narrow linear segment variations of the (i p ) with MV.HCl conc. in addition to hard procedures of preparation and expensive chemicals, moreover, the reported SW-AdASV on functionalized multiwall carbon nanotube modified carbon paste electrode dependes on in expensive materials, which was further functionalized. Since the modification of the carbon paste electrode depend on modifying the properties which help in those modifications. First, the chemical composition of diatom contains hydrous silica compositions (SiO2.nH2O), in which water is bounded within a siliceous skeleton. It may also contains small amounts of associated inorganic components like alumina, principally or lesser amounts of iron, alkaline earth or alkali metals, and/or other minor constituents [17] [18, 19] . In addition to the morphological structure of the diatom and its 
Materials
Diatom was locally prepared, and Mebeverine hydrochloride (MV.HCl) stander and (Colona tablets ® each tablet contains 100 mg mebeverine + 25 mg sulpiride) was kindly provided by Bayer Pharmaceuticals (Middle East) Rameda Company, Egypt. Other pharmaceutical samples examined in this work: Colofac ® tablets (BGP Products, Egypt, each tablet contains 135 mg mebeverine), and Coloverin A ® tablets (Chemi Pharm Company, Egypt, each tablet contains 135 mg mebeverine + 5mg chloridazepoxide).
Preparation of mebeverine hydrochloride and drug product solutions
A standard stock solution of 1.0×10 -3 M MV.HCl was prepared in methanol (Merck) and stored in the dark at 4 0 C. A more dilute solutions of (1.0×10 −8 to 1.0×10 −4 M) MV.HCl were prepared daily in methanol just before use. Ten tablets of each of the pharmaceutical products of MV.HCl were weighed and the average mass per tablet was determined, and then grounded to a fine powder. A weighed portion of the homogeneous powder equivalent to 1.0×10 -3 M MV.HCl was accurately transferred into a 100-mL volume calibrated flask containing 70 mL methanol. The content of the flask was sonicated for about 10 min and then filled up with methanol. Convenient more-dilute working solutions were then obtained by accurate dilution with methanol. Six serum samples of three healthy volunteers were stored frozen until assay. 1 mL of each sample were fortified with various concentrations (1.0×10 −8 to 1.0×10 −3 M) of MV.HCl in small centrifugation tubes then completed to 2 mL with methanol to denature and precipitate proteins. After vortexing each of the serum samples for 2 min, the precipitated proteins were separated by centrifugation for 3 min at 14,000 rpm. The clear supernatant layers were filtered through 0.45 μm Milli-pore filters to obtain protein-free spiked human serum samples.
Preparation of the Carbon Paste Electrodes (CPEs)
The working electrode was a Teflon rod with end cavity (3 mm diameter and 5 mm deep) bored at one end for paste filling (BASi-MF-2010) and contact was made with a copper wire through the centre of the rod. The carbon paste was prepared by thoroughly hand mixing 5 g of graphite powder (Sigma-Aldrich, Milwaukee, WI, US 1-2 μm) with 1.8 mL of paraffin oil (Sigma-Aldrich, US, d=0.84 g mL −1 ) in an agate mortar with pestle. The paraffin oil-based paste was packed into the well of the electrode and its surface was manually smoothed by polishing on clean paper. Several sweeps of cyclic voltammetry within range of (−0.4 to 1.4 V) were applied to the electrode immersed in the supporting electrolyte to obtain a low background current. For electrode surface re-generation, after recording each voltammogram, the CPE was transferred into a blank electrolyte solution and series of cyclic scans were performed until a voltammogram corresponding to the residual current was obtained.
Preparation of the modified carbon paste electrode
An amount (4.5 g) of graphite powder and 0.5 g of diatom were mixed uniformly by milling in a small agate mortar. Then 1.8 mL paraffin oil was added and milled again to give a homogenous 10% (w/w)DA/CP. Various modified carbon pastes containing different mass percentages of diatom (3, 5, 7,10, and 15% w/w) were similarly prepared.
Results and discussion

Diatom and DA/CPE characterization
The FTIR spectrum of Diatom shows a broad band in the range 2900 to 3800 cm-1 ( Fig.  2A ) with its specific peak at 3447 cm −1 , which is attributed to the stretching vibration of the OH group [20] . As water-bearing mineral, the most distinct feature evident within the Diatom spectra is the bending vibration of the OH group at 1636 cm −1 [21] . The most intense band at 1105 cm −1 is related to the Si-O stretching vibrations. The band at 795 [20] . The Si-O-Al and Si-O-Si deformation vibrations in Diatom spectrum were observed at 467 cm −1 [20] . The FTIR spectrum revealed that no any function groups are associated with graphite structure, (curve II). It also revealed many characteristic functional Diatom (curve I) compared to graphite (curve II). X ray diffraction was recorded for diatom ( Fig. 2B ) The broad band in the range 15 to 35 confirm the amorphous structure of the diatom [22] while the sharp band at 26.75 [23] is characteristic for quartz so some of the silica in the diatom has quartz morphology structure Continued to show the improved electrochemical properties of the modified electrodes, the microscopic areas of the bare and diatom modified carbon past electrode were calculated using 1.0×10 -3 M K 4 Fe(CN) 6 as an electrochemical probe [24] by recording cyclic voltammograms at different scan rates (Fig. 2C ). The magnitude of the redox peak currents at the same scanning rate was found to increase obviously after modification, which can be attributed to higher surface area and excellent solution-electrode interact as a result of the decreased hydrophobicity. The following Randles-Sevcik equation (1) For a reversible process can be used [24] ;
Where, i p refers to the peak current in ampere, A is the surface area of the electrode in cm 2 , n is the electron transfer number, D o is diffusion coefficient, C o is the concentration of K 4 Fe(CN) 6 in M and v is the scan rate in V.s −1 . Linear dependence of the anodic peak currents (i pa ) to the square root of scan rate (v 1/2 ) was achieved for bare CPE and 5%(w/w) DA/CP/CPE with correlation coefficient(r 2 =0.999) (Fig. 2C inside [25] , and from the slope values for the i pa -v 1/2 relation are (33.22 and 40.89) for bare CPE and DA/CPE respectively, the microscopic surface areas for bare CPE and DA/CPE were found to be 0.045, and 0.055 cm 2 , respectively. So, it was remarkable that the active surface area of DA/CPE was greater than that for bare CPE by about 22.2%. Scanning electron microscope was used to investigate the used modifier (Fig. 2D) and Shows an amorphous porous pattern of a high surface area also the surface of diatom is porous increasing surface area too. Furthermore, the investigation of both CPE and DA/CPE using SEM showed a rough surface of the modified electrode that leads to a higher surface area of DA/CPE than CPE (Fig. 3) , this is due to the rough surface of modified electrode. Due to the high surface area and hydrophplicity of DA/CPE compared to the bare CPE, MV.HCl was determined using this relevant sensor in the present analytical study. 
. Optimization of the modifier ratio
Square wave voltammograms was recorded 5×10 -7 MV.HCl in B-R universal buffer of pH 5 and accumulation parameters (E acc = 0.0 V and t acc = 50 s) onto the modified carbon paste electrode with different ratios of diatom (Fig. 4) . It was found that the well-defined peak with the highest peak current is observed at 5%(w/w) DA/CPE so it was used for the rest analytical study.
Effect of pH of the medium
Based on the strong adsorption behavior of MV.HCl onto DA/CPE, voltammograms of 5.0×10 −7 M MV.HCl were recorded in B-R universal buffer of various pH values following its preconcentration onto the DA/CPE at 0.0 V for 50 s (Fig. 5 ) it was observed that the peak current was increased with pH increasing till pH 5 then decreased dramatically, then the best developed peak current was at pH 5 so it was used for the rest optimizations.
Effect of pulse parameters
It is clearly known that The pulse parameters such as frequency (f), pulse height (a) and scan increment (ΔE s ) have a great effect on the response obtained by SW-AdASV, the peak current magnitude was investigated by the variation of f (10 -140 Hz), ΔEs (2-12mV) and a (5-35mV) on the SW-AdASV onto DA/CPE at pH 5 for determination of 5.0×10 −7 M MV.HCl prior to preconcentration for 50s at accumulation potential 0.0 V; The best developed and symmetrical voltammetric peaks were obtained at f = 100 Hz and ΔE s = 10 mV. However, the pulse height had no influence on i p . So, 25 mV was used in rest of study.
Effect of accumulation parameters
The electrode potential may affect the electric field at the electrode-solution interface, and hence the interfacial tension which is certain to have influence upon the adsorption occurring at this interface [26] . So, the effect of E acc on the peak current magnitude was tested over the potential range of −0.2 to +0.6 V. The best enhanced peak current magnitude was achieved at the potential range of 0.0 to +0.2 V (Fig. 6 ). This could be attributed to the increase of the accumulation rate and the favorable alignment of the analyte molecules by the action of electric field at the electrode-solution interface (which may be due to electrostatic attraction between the negative nature of electrode at this potential range and the positive charged (protonated) MV.HCl molecules) [27] ; but the better peak was observed at 0.0 V so it was used as the optimum accumulation potential. and 2.0×10 −7 M MV.HCl was linear up to 60 and 100 s respectively then leveled off (Fig.  7) .This indicated that the adsorptive equilibrium onto DA/CPE surface was achieved i.e, full surface coverage was approached. In the present analytical study, t acc of 90 was applied.
Validation of the analytical method
Voltammograms of various concentrations of MV.HCl were recorded under the optimized operational conditions of the developed SW-AdASV method. Linear variation of i p (µA) with concentrations C (nM) of bulk MV.HCl was obtained over a wide concentration range (Fig. 8A) . Limits of detection (LOD) and quantitation (LOQ) were estimated using the expressions(2,3) [28] :
Where, S.D is the standard deviation of the intercept of the calibration curves (or the blank) and b is the slope of the calibration curve. The obtained results and the corresponding regression equations were listed in (Table 2) .These results indicated the extreme sensitivity and reliability of the proposed SW-AdASV method for quantification of bulk MV.HCl.
Repeatability, reproducibility, precision and accuracy [29] of the proposed SW-AdASV methods were evaluated by performing five replicate measurements for various concentrations of MV.HCl, (5x10 -8 1x10 -7 1.2x10 -7 ) M [over 1 day (intra-day assay) and for 3 days (inter-day assay)] using DA/CPE, (Table 3) . Satisfactory mean recoveries (%R ± RSD%) (98.40 ±1.01 to 101.10 ± 0.65) and bias% were achieved indicating the repeatability, reproducibility, precision and accuracy of the described method.
The robustness [29] of the proposed method was examined by studying the effect of small variation of some effective operational conditions such as pH (4.5 to 5.5), accumulation potential (-0.05 to 0.05), and accumulation time (85 to 95 s) on %R and RSD% (Table 4) . Since, the obtained %R and %RSD values (103.83 ±0.91 to 97.52 ± 1.13) were insignificantly affected within the studied range of variation of the operational conditions, the developed SW-AdASV method could be considered robust. (Fig. 8b) , the charactaristics of the callipratipn are in (Table 2) . MV.HCl was determined in its different pharmaceutical formulations Colofac® tablets (135 mg mebeverine) also as a binary as binary mixture with Sulpiride (SPR) drug in Colona tablets® (100 mg mebeverine + 25 mg sulpiride) and with chloridazepoxide (CDP) drug in Coloverin A® tablets (135 mg mebeverine + 5 mg chloridazepoxide). Furthermore, the performance of the DP-AdASV method was also assessed by the calculation of Student t -test and F-values [30] compared with the SW-AdASV. (Table 5) showed a good agreement with the results of the HPLC and that the calculated t-and Fvalues at 95% confidence limit for five degrees of freedom did not exceed the theoretical values [30] . This indicated that both the developed SW-AdASV and RP-HPLC methods did not differ significantly with respect to accuracy and precision. Hence, the developed SW-AdASV method was found to be sensitive, accurate, precise, repeatable and reproducible and can be successfully used for the routine analysis of MV.HCl in its formulations.
Conclusion
Mebeverine hydrochloride was easily determined in its pharmaceutical formulation and biological fluid utilizing 5%(w/w)DA/CPE, the modifier used is green as t needs no chemical modification and has no hazard. The utilized method is fast, reliable, precise, and robust in addition to the validity of the method that were investigated using F-test and t -test for determination of MV.HCl in different pharmaceutical formulations with different conc and different additives reflecting selectivity too. 
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